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Description 

Background of the Invention 
1. Technical Field 
[0001] 



2. Background Art 

torque signal on the basT of S^ZTZ^X^T^ 0 3S f ' COntra,,in 9 means) for com P^9 a steering assist 

for explaining the processing' operation of ^ * -«-J-n 

computation is described later in detail oetector 1 5S in the computation, and the 

KartX^ ^ COnVenti0na ' e ' eCtric stee -9 control system is described below with reference to a 

T'rea-est = Tsens + Kt • Imtr - J ■ dco ^ 

where: 

Kt: torque constant of the motor (computed in terms of steering shaft) 
J: moment of inertia of the steering mechanism 

est. M H. road surface readier, ,or<, U e signal West "JShlTZi """ S ' 9 
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dTrea-est / dt = -Trea-est / T1 + T'rea-est / T1 (2) 

where: T1 is a time constant of a primary filter in Equation (2), and is established so that a cutoff frequency fc = 1/(27i 
•T1) may be in the range of 0.05 Hz to 1.0 Hz. 

[001 0] Next, in Steps S307 to S308, in the steering torque controller 2, the steering torque signal is passed through 
a phase compensator and phase-compensated, mapping operation is conducted with respect to the phase-compen- 
sated steering torque signal, and a steering assist torque signal is obtained and stored in the memory. 
[0011] In Step S309, in the return torque compensator 17, mapping operation is conducted for the foregoing road 
surface reaction torque signal Trea-est, and a steering wheel return assist torque signal is obtained and stored in the 
memory. 

[0012] In Step S310, in the damping compensator. 3, a damping compensation signal is obtained by multiplying the 
motor speed signal and the proportional gain and is stored in the memory. 

[0013] In Step S311 , in the inertia compensator 4, an inertia compensation signal is obtained by multiplying the motor 
acceleration signal and the proportional gain and is stored in the memory. 

[0014] Next, advancing to Step S312, the first adder 12 adds the steering assist torque signal, steering wheel return 
assist torque signal, damping compensation signal, and inertia compensation signal obtained in the foregoing Steps 
S308 to S311, thus a target torque is obtained and stored in the memory. 

[0015] In Step S313, in the motor current determiner 7, a target current is obtained by multiplying the target torque 
obtained in the foregoing step S312 by a gain, and the target current is stored in the memory. The gain obtained at 
this time is an inverse (reciprocal) number of the torque constant of the motor 1 0 computed in terms of steering shaft. . 
[0016] The foregoing Steps S301 to S313 are repeated. 

[0017] Described below is the reason why it is possible to detect the road surface reaction torque from the foregoing 
Equation (1) and Equation (2); 

[0018] The equation of motion of the steering mechanism is expressed by the following Equation (3). 

J • dcos / dt = Thdl + Tmtr - Tfric - Treact (3) 

where: 

dcos / dt : rotational acceleration of the steering shaft 
Thdl : steering torque 

Tmtr : motor output torque (computed in terms of steering shaft) 
Tfric : friction torque in the steering mechanism 

Treact : road surface reaction torque (computed in terms of steering shaft) 
[0019] When solving the foregoing Equation (3) for the road surface reaction torque Treact, a following Equation (4) 
is obtained. 

Treact = Thdl. + Tmtr - J • dcos / dt - Tfric (4) 

[0020] Accordingly, the road surface reaction torque Treact is obtained by using the respective values of the steering 
torque, motor output torque, rotational acceleration of the steering shaft, and friction torque in the steering mechanism. 
In this respect, it is possible to use the steering torque signal Tsens as the steering torque Thdl, and it is possible to 
use a value obtained by multiplying the motor current signal Imtr by the torque constant Kt as the motor output torque 
Tmtr. It is also possible to use the motor acceleration signal dco as the rotational acceleration of the steering shaft (d 
cos / dt). After all, it becomes possible to detect the road surface reaction torque excluding influence of the friction 
torque Tfric in the steering mechanism from the foregoing Equation (1). 

[0021 ] On the other hand , the friction torque Tfric acts as a relay on the speed of revolution of the steering mechanism. 
It is well known that the relay can be equivalently expressed in the form of gain and phase by equivalent linearization 
method in the field of control engineering. Accordingly, when the gain and phase of the stationary reaction force signal 
Trea-est detected in the foregoing Equation (1) are regulated by the primary filter in the foregoing Equation (2), the 
road surface reaction torque signal Trea-est is obtained. 

[0022] That is to say, the primary filter (low-pass filter) is used as the most popular method for regulating the gain 
and phase as shown in Fig. 12. The range in which the gain and phase can be regulated by the primary filter is a 
frequency range not lower than the cutoff frequency. When establishing the cutoff frequency to be in the range of 0.5 
to 1 times as much as the frequency to be regulated, the gain can be regulated within the range of approximately 1 to 
0.5 times and the phase can be regulated within the range of 0 to -20 deg. Thus, the influence of the friction torque 
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can be cancelled in most cases. Thesteering frequency generally performed in vehicles is in the range of approximately 
0.1 to 1 Hz. That is. when establishing the cutoff frequency to be in the range of 0.5 to 1 times as much as the foregoing 
steering frequency, i.e., approximately 0.05 Hz to 1 Hz. it is possible to cancel the influence of the friction torque. In 
addition the specific cutoff frequency is established aiming the steering frequency on which control based on the 
detected road surface reaction torque signal is desired to work most effectively. 

[0023] As described above, in the conventional power steering system, the influence of the term (J dcos / dt) which 
.s equivalent to the inertia of the motor increases in proportion to square of the frequency, while the primary filter is 
used as the low-pass filter of the road surface reaction torque detector. As a result, the' influence of the inertia of the 
motor increases in proportion to the frequency components of the force of manipulating the steering wheel as shown 
in the following Equation (5): 



J ' f 2 / (T1 -f+ 1) =J-f/T1 



(5) 



[0024] Therefore, an error in the term which is equivalent to the inertia of the motor due to detection error of the 
rotational acceleration of the steering shaft (dcos / dt) or estimation error of the moment of inertia (J) of the steering 
mechanism increases in proportion to the steering wheel manipulation. As a result, a problem exists in that when 
manipulating the steering wheel in a quick cycle which includes a lot of high frequency components (hereinafter referred 
to as high frequency steering), the motor generates unnatural steering wheel return torque and the steering wheel 
becomes unusually heavy. 



Summary of the Invention 



[0025] The present invention was made to resolve the above-discussed problems and has an object of providing a 
power steenng system in which any unnatural steering wheel return torque is not generated and the steering wheel 
r ft ° n «? 0t b8C0me unusually heavv even wnen conducting a steering wheel manipulation under high-frequency 
[0026] An electric power steering system according to the invention comprises: 

an electric motor which generates a torque for assisting a steering torque generated by steering wheel manipula- 

steering torque detecting means for detecting the steering torque; 

motor current detecting means for detecting a current flowing in the motor; and 

road surface reaction torque detecting means for obtaining a road surface reaction torque detection value by 
passing a value obtained at least by adding the steering torque detected by said steering torque detecting means 
and a motor torque computed from the motor current in terms of effectiveness to a steering shaft through filter 
means formed by plural stages of primary low-pass filters connected in series. 

[0027] As a result of such construction, even when conducting a steering wheel manipulation containing high fre- 
quency components, any unusually large steering wheel return torque is not generated. Thus, it is possible to achieve 
a power steenng control system by which a driver can drive his vehicle without feeling something like difficulty in 
adapting himself to the power steering. 

[0028] It is preferable that the electric power steering control system is provided with a limiter for limiting the value 
obtained by subtracting the motor inertia torque computed in terms of steering shaft from an output of the rotational 
acceleration detecting means from the value obtained by adding the steering torque and a motor torque computed in 
terms of steenng shaft from the motor current not to exceed a predetermined value. 

[0029] It is preferable that the plural stages of primary low-pass filters include at least one filter whose time constant 
is not less than 0.05 Hz and not more than 1 Hz and at least one filter whose time constant is not less than 1 Hz and 
not more than 3 Hz. 

[0030] A method for controlling an electric power steering system according to the invention comprises the steps of: 
detecting a steering torque generated by steering wheel manipulation; 

detecting a current flowing in an electric motor which generates a torque for assisting the steering torque- 
detecting a rotational acceleration of the electric motor; and 

detecting a road surface reaction torque for obtaining a road surface reaction torque detection value by passing 
a value obtained by subtracting a motor inertia torque computed from the rotational acceleration in terms of effec- 
tiveness to a steering shaft from a value obtained by adding the steering torque and a motor torque computed 
from the motor current in terms of effectiveness to a steering shaft through filter means formed by plural stages of 



Y 
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primary low-pass filters connected in series. 
Brief Description of the Drawings 
[0031] 

Fig. 1 is a block diagram showing an electric power steering control system according to Embodiment 1 of the 
invention. . 

Fig. 2 is a flowchart showing the operation of a road surface reaction torque detector shown in the block diagram 
of Fig. 1. 

Fig. 3 is a block diagram to explain the computing operation of the road surface reaction torque detector shown 
in the block diagram of Fig. 1 . 

Fig. 4 is a block diagram showing an electric power steering control system according to Embodiment 2. 

Fig. 5 is a flowchart showing the operation of a road surface reaction torque detector shown in the block diagram 

of Fig. 4. 

Fig. 6 is a block diagram to explain the computing operation of the road surface reaction torque detector shown 
in the block diagram of Fig. 4. 

Fig. 7 is a block diagram showing an electric power steering control system according to Embodiment 3. 

Fig. 8 is a flowchart showing the operation of a road surface reaction torque detector shown in the block diagram 

of Fig. 7. 

Fig. 9 is a block diagram to explain the computing operation of the road surface reaction torque detector shown 
in the block diagram of Fig. 7. 

Fig. 10 is a block diagram showing an electric power steering control system according to a prior art. 

Fig. 1 1 is a flowchart showing the operation of a road surface reaction torque detector shown in the block diagram 

of Fig. 10. 

Fig. 1 2 is a block diagram to explain the computing operation of the road surface reaction torque detector shown 
in the block diagram of Fig. 10. 

Description of the Preferred Embodiments 

Embodiment 1. 

[0032] Fig. 1 is a block diagram showing an electric power steering control system according to Embodiment 1 of 
the invention. Fig. 2 is a flowchart showing the operation of a road surface reaction torque detector shown in the block 
diagram of Fig. 1. 

[0033] Referring to Fig. 1, reference numeral 10 is an electric motor (hereinafter simply referred to as motor) for 
driving the steering system not shown. Numeral 1 is a steering torque detector (which is referred to as steering torque 
detecting means) for detecting a steering torque generated by driver's steering wheel manipulation not shown and 
outputs a steering torque signal. Numeral 2 is a steering torque controller for computing a steering assist torque signal 
on the basis of the steering torque signal. Numeral 17 is a return torque compensator which outputs a steering wheel 
return assist torque signal for generating a torque of the motor 10 in the direction of returning the steering wheel to a 
starting point on the basis of a later-described road surface reaction torque signal which is an output of a road surface 
reaction torque detector 15. Numeral 5 is a motor speed detector, numeral 3 is a damping compensator which receives 
a motor speed signal and compensates its damping, numeral 4 is an inertia compensator, numeral 6 is a motor accel- 
eration detector (motor acceleration detecting means), numeral 7 is a motor current determiner, numeral 9 is a motor 
drive, numeral 11 is a motor current detector (motor current detecting means), numeral 12 is a first adder, numeral 13 
is a second adder, and numeral 14 is a speed detector. Numeral 115S is a second road surface reaction torque detector 
(second means for detecting road surface reaction torque), and an explanatory diagram of its processing operation is 
shown in Fig. 3. 

[0034] When comparing Fig. 2 with the conventional flowchart Fig. 11, only Step S1306 is different, and the other 
steps are the same as those in Fig. 11 . In this Step S1306, the road surface reaction torque signal Trea-est is computed 
by passing Trea-est through low-pass filters, and the low-pass filters are formed of a first primary low-pass filter 100 
and a second primary low-pass filter 101 connected in series as shown in Fig. 3. 

[0035] The first primary low-pass filter 100 is as shown in Equation (6), and in the same manner as the conventional 
system described above, a time constant T1 is established so that a cutoff frequency fc = 1/(2k ■ T1) may be in the 
range of 0.05 Hz to 1.0 Hz. 
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dfrea-est / dt = -T'rea-est / T1 + T'rea-est / T1 



(6) 



where: T"rea-est is a quantity in intermediate state. 

^TLtSlhl^T^f ^ » econd Primary low -P ass filter 101 is ^ shown in Equation (7). and a time constant 
T2 is established so that a cutoff frequency fc = 1/(2n • T2) may be in the range of 1 0 Hz to 3 0 Hz 



dTrea-est / dt = -Trearest / T2 + T'rea-est / T2 



(7) 



The rest of the operation is the same as that in the foregoing prior art. 

[0037] As described in the foregoing explanation of the prior art. the inertia term (Jf*) increases its influence in 
proportion to square of the frequency f, while the inertia term increases its influence in proportion tc fthe frequencJas 
shown in Equation (5) because the conventional low-pass filter shown in Fig. 12 is a primary filter. On the other hand 

2£"nZ! ? h l" P rimar y filter is arran 9 ed in '° ^ ^ages. and consequentiythe influence of the inema term 
ooes not depend on the frequency as shown in the following Equation (8): 



•f 2 /(T1-f+1)/(T2-f+1)=J/(T1 T2) 



(8) 

5S *~ th ' S IlT' '° W " PaSS fi,ter introduced in the P" or ^ aims to obtain a compensation effect of the 

enZ onZ m^ont^ re " neCeSSary t0 aV ° id ** arran9in9 the fi ' ter int ° Stages ,oses the compensation 
[0039] Accordingly, the time constant of the filter 100 in the first stage is established to be in the range of 0 05 Hz to 
i «I ! S HTt mar ![l er a$ th8t in tHe conventional filter . and the time constant of the filter 101 in the second stage 
s established to be m.the range of 1 .0 to 3.0 Hz in which the motor inertia term begins to increase its influence, whereby 
it becomes possible to obtain both friction compensation effect and prevention of increase in estimated error of road 
surface reaction torque at a high frequency. 

LTfL ^ epri | ma 7f erisarranaedinto ^ stages in Fig. 3, and it is also preferable that the primary filter is arranged 
into any other plural stages as a matter of course. " 
[0041] As described above, by connecting the primary low-pass filters of a plurality of stages in series it becomes 
possible to accurately detect the road surface reaction force at all times, and consequently, it becomes possST to 
provide a power steering system in which even when conducting a high frequency manipulation, the steering wheel 
return torque does not unnaturally act to make the steering wheel heavy. e sxeenng wneei 



Embodiment 2. 



Pi! 4 ? ic f!?" 4 J a * b, K Ck dia9 I am Sh ° Win9 3n el6CtriC P ° Wer S,eering Contro1 ^ stem according to Embodiment 2 and 
Pig. 5 is a flowchart showing the operation of a road surface reaction torque. 

[0043] In Fig. 4. 215S shows a fourth road surface reaction torque detector (hereinafter referred to as fourth road 

c^nnL r tn^n°T e I 2? T^' ^ R * 5 ' the flow Ste P 8306 in the conventional view is 

deSr 2?5S " 3 ^ '° ^ COmputin 9 °P^ation of this road surface reaction torque 

[0044] In Embodiment 2. in S2306, Trea-est is passed through a limiter 1 04 and the primary low-pass filter 1 00 to 
compute the road surface reaction torque signal Trea-est as shown in Fig 6 

[0045] At this time, the limiter 104 limits the estimation error (Trea-est) in the road surface reaction torque before 

rf W1,a « I? 100 *° bS Within 3 P redete ™ ne <* range in order to prevent the estimation error in 
the estimated value (Trea-est) of the road surface reaction torque due to the motorinertia term from unusually increasing 
in proportion to the frequency. The low-pass filter 100 is the same primary filter as that is shown in Fig. 12 of the 
conventional art. The rest of the operation is the same as that in the prior art. 

n 0 !* « J' 63 ? 5 ' ? PaS ? ed , thr ° U9h thB Primafy ,0W -P ass mer 1 °0 after passing through the limiter 104. and conse- 
quently, the estimated value (Trea-est) of the road surface reaction torque does not sharply increase to a large value 
and the road surface reaction force is detected without large error. As a result, it is possible to provide a power steering 
system in which at the time of conducting a steering wheel return control on the basis of this estimated value of the 
road surface reaction force, even when it is a steering containing high frequency components, the steering wheel return 
torque does not unusually act to make the steering wheel heavy. 

[0047] In Embodiment 2, the low-pass filter 100 is the same primary filter that is used in the foregoing prior art, but 
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is not limited to this primary filter. A plurality of primary low-pass filters connected in series in the same manner as in 
Embodiment 1 is used for the purpose of detecting the road surface reaction force more accurately. 

Embodiment 3. 

[0048] Fig. 7 is a block diagram showing an electric power steering control system according to Embodiment 3, and 
Fig. 8 is a flowchart showing the operation of a road surface reaction torque detector shown in the block diagram of 
Fig. 7. 

[0049] In Fig. 7, 315S shows a first road surface reaction torque detector (which is referred to as first means for 
detecting road surface reaction torque). Note that the signal sent from the output side of the motor acceleration detector 
6 to the second road surface reaction torque detector 11 5S is not described in Fig. 7. Steps S302 to S303 in Fig. 2 do 
not exist in Fig. 8, and S305 and S306 in Fig. 2 are changed to S1305 and S1306 respectively. 
[0050] Fig. 9 is a block diagram to explain the computing operation of the road surface reaction torque detector 31 5S. 
In this Embodiment 3, in computing the stationary reaction force signal Trea-est in S1305, as shown in Fig. 9 f only 
the steering torque signal Tsens and the motor current signal Imtr are used to obtain the stationary reaction force signal 
Trea-est from the following Equation (9). 

Trea-est = Tsens + Kt- Imtr (9) 

Kt : a torque constant of the motor (computed in terms of steering shaft) 
[0051] Next, in S1306, in the same manner as in S1306 in the foregoing Embodiment 1, the foregoing TYea-est is 
passed through the low-pass filters composed of the first low-pass filter 100 and the second low-pass filter 101 con- 
nected in series to compute the road surface reaction torque Trea-est. The rest of the operation is the same as that in 
the mentioned prior art. 

[0052] In Embodiment 3, the inertia term of the motor is not considered in computing the road surface reaction torque, 
but there is no large influence due to ignoring the inertia term of the motor because the filter.is arranged into two stages. 
In this Embodiment 3, construction of the circuit becomes simple, and it is possible to provide an inexpensive electric 
power steering control system. • 

[0053] In Embodiment 3, in the same manner as S1306 in Embodiment 1, the foregoing Trea-est is passed through 
the two low-pass filters connected in series to compute the road surface reaction torque Trea-est, but the invention is 
not limited to this. It is also preferable to pass Trea-est through the limiter and the low-pass filter in the same manner 
as S2306 in Embodiment 2 to compute the road surface reaction torque signal Trea-est. The road surface reaction 
torque detector constructed as described above is referred to as a third road surface reaction torque detector (third 
means for detecting road surface reaction torque). It is also preferable that the low-pass filters are composed of a 
plurality of low-pass filters connected in series to detect the road surface reaction force more accurately. 
[0054] In this embodiment, the inertia term of the motor is not considered, and for example, it is also preferable that 
the inertia term of the motor and the current term (Kt • Imtr) are not considered when the road surface reaction torque 
detection value is utilized under the steering condition that only a very small amount of current flows. 
[0055] In a system provided with an electromotor and a machine satisfying the condition that the steering torque is 
approximately in proportion to the electric current, the invention is effective even if only the current term is considered, 
as a matter of course. 



Claims 

1. An electric power steering system comprising 

. an electric motor (10). which generates a torque for assisting a steering torque generated by steering wheel 
manipulation; 

steering torque detecting means (1) for detecting said steering torque; 

motor current detecting means (11) for detecting a current flowing in said motor; 

road surface reaction torque detecting means (115S; 215S; 315S) for obtaining a road surface reaction torque 
. detection value (T rea ^ st ) by passing a value obtained at least by adding said steering torque detected by said 
steering torque detecting means (1) and a motor torque computed from said motor current in terms of effec- 
tiveness to a steering shaft, through filter means formed by plural stages of primary low-pass filters (100, 101) 
connected in series. 
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2. An electric power steering system according to claim 1 , further comprising 

a limiter (104) for limiting the value obtained by adding said steering torque detected by said steering torque 
detecting means (1) and said motor torque computed from said motor current in terms of effectiveness to said 
steering shaft not to exceed a predetermined value. 

3. An electric power steering system according to claim 1 , further comprising 

rotational acceleration detecting means (6) for detecting a rotational acceleration of said electric motor (10) ; 

wherein said road surface reaction torque detecting means (1 1 5S, 215S) are provided for obtaining said road 
surface reaction torque detection value (T rea ^ st ) by passing a value obtained by subtracting a motor inertia torque 
computed from said rotational acceleration detected by said rotational acceleration detecting means (6) in terms 
of effectiveness to said steering shaft, from said value obtained by adding said steering torque detected by said 
steering torque detecting means (1) and said motor torque computed from said motor current in terms of effec- 
tiveness to said steering shaft, through said filter means formed by plural stages of primary low-pass filters (100 
101) connected in series. 

4. An electric power steering system according to claim 3, further comprising 

a limiter (104) for limiting said value obtained by subtracting a motor inertia torque computed from said rota- 
tional acceleration in terms of effectiveness to said steering shaft, from said value obtained by adding said 
steering torque detected by said steering torque detecting means (1) and said motor torque computed from 
said motor current in terms of effectiveness to said steering shaft not to exceed a predetermined value. 

5. An electric power steering system according to any of the preceding, claims, wherein said plural stages of primary 
low-pass filters (100, 101) include at least one filter whose time constant is not less than 0.05 Hz and not more 
than 1 Hz, and at least one filter whose time constant is not less than 1 Hz and not more than 3 Hz. 

6. A method for controlling an electric power steering system, comprising 

a step (S301) of detecting a steering torque generated by steering wheel manipulation; 

a step (S304) of detecting a current flowing in an electric motor (1) which generates a torque for assisting said 

steering torque; 

a step (S303) of detecting a rotational acceleration of an electric motor (1) which generates a torque for as- 
sisting said steering torque; 

a step (S1306; S2306; S3306) of detecting a road surface reaction torque for obtaining a road surface reaction 
torque detection value (T rea ^s t ) by passing a value obtained by subtracting a motor inertia torque computed 
from said rotational acceleration in terms of effectiveness to a steering shaft, from a value obtained by adding 
said steering torque and a motor torque computed from said motor current in terms of effectiveness to said 
steering shaft, through filter means filters formed by plural stages of primary low-pass filters (100, 101) con- 
nected in series. 

7. A method for controlling an electric power steering system according to claim 6, further comprising 

a step of limiting said value obtained by adding said steering torque detected in said step of detecting said 
steering torque, and said motor torque computed from said motor current in terms of effectiveness to said 
steering shaft not to exceed a predetermined value. 



Patentanspruche 

1. Elektrisches Servolenksystem, das folgendes aufweist: 

einen Elektromotor (10), derein Drehmoment zum Unterstutzen eines Lenkmoments erzeugt, das durch eine 
Lenkradmanipulation erzeugt wird; 

eine Lenkmomenten-Erfassungseinrichtung (1) zum Erfassen des Lenkmoments; 

eine Motorstrom-Erfassungseinrichtung (11) zum Erfassen eines Stroms, der im Motor flielit; 
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eine StraGenoberflachen-Reaktionsdrehmomenten-Erfassungseinrichtung (115S; 215S; 315S) zum Erhalten 
eines StraRenoberflachen-Reaktionsdrehmomenten-Erfassungswerts (T^est) durch Fuhren eines Werts, der 
wenigstens durch Addieren des durch die Lenkmomenten-Erfassungseinrichtung (1) erfassten Lenkmoments 
und eines aus dem Motorstrom in Bezug auf eine Effektivitat zu eirier Lenkwelle berechneten Motordrehmo- 
ments erhalten wird, uber eine Filtereinrichtung, die durch mehrere Stufen von primaren Tiefpassfiltern (100, 
101) gebildet ist, die in Reihe.geschaltet sind. 

Elektrisches Servolenksystem nach Anspruch 1, das weiterhin folgendes aufweist 

einen Begrenzer (104) zum Begrenzen des Werts, der durch Addieren des durch die Lenkrnomenten-Erfas- 
sungseinrichtung (1) erfassten Lenkmoments und des aus dem Motorstrom in Bezug auf eine Effektivitat zur 
Lenkwelle berechneten Motordreh moments erhalten wird, damit er einen vorbestimmten Wert nicht ubersteigt. 

Elektrisches Servolenksystem nach Anspruch 1, das weiterhin folgendes aufweist: 

eine Drehbeschleunigungs-Erfassungseinrichtung (6) zum Erfassen einer Drehbeschleunigung des Elektro- 
motors (10); 

wobei die Strafienoberflachen-Reaktionsdrehmomenten-Erfassungseinrichtungen (11 5S, 215S) vorgesehen 
sind, um den Strafienoberflachen-Reaktionsdrehmomenten-Erfassungswert (T^g^t) zu erhalten, indem ein 
Wert, der erhalten wird durch Subtrahieren eines Motor-Tragheits moments, das aus der Drehbeschleunigung 
berechnet wird, die durch die Drehbeschleunigungs-Erfassungseinrichtung (6) in Bezug auf eine Effektivitat 
zur Lenkwelle erfasst wird, von dem Wert, der erhalten wird durch Addieren des Lenkmoments, das durch die 
Lenkmomenten-Erfassungseinrichtung (1) erfasst wird, und des Motordreh moments, das aus dem Motorstrom 
in Bezug auf eine Effektivitat zur Lenkwelle berechnet wird, durch die Filtereinrichtung gefuhrt wird, die durch 
mehrere Stufen von in Reihe geschalteten primaren Tiefpassfiltern (100, 101) gebildet ist. 

Elektrisches Servolenksystem nach Anspruch 3, das weiterhin folgendes aufweist: 

eineri Begrenzer (104) zum Begrenzen des Werts, der erhalten wird durch Subtrahieren eines Motor-Trag- 
heitsmoments, das aus der Drehbeschleunigung in Bezug auf eine Effektivitat zur Lenkwelle berechnet wird, 
von dem Wert, der durch Addieren des Lenkmoments, das durch die Lenkmomenten-Erfassungseinrichtung 
(1 ) erfasst wird, und des Motordrehmoments, das aus dem Motorstrom in Bezug auf eine Effektivitat zur Lenk- 
welle berechnet wird, damit er einen vorbestimmten Wert nicht ubersteigt. 

Elektrisches Servolenksystem nach einem der vorangehenden Anspruche, wobei die mehreren Stufen von prima- 
ren Tiefpassfiltern (100, 101) wenigstens ein Filter enthalten, dessen Zeitkpnstante nicht kleiner als 0,05 Hz und 
nicht grofter als 1 Hz ist, und wenigstens ein Filter, dessen Zeitkonstante nicht kleiner als 1 Hz und nicht grofier 
als 3 Hz ist. 

Verfahren zum Steuern eines elektrischen Servolenksystems, welches Verfahren folgendes aufweist: 

einen Schritt (S301) zum Erfassen eines Lenkmoments, das durch eine Lenkradmanipulation erzeugt wird; 
einen Schritt (S304) zum Erfassen eines Stroms, der in einem Elektromotor (1) fliefit, der. ein Drehmoment 
zum Unterstutzen des Lenkmoments erzeugt; 

einen Schritt (S303) zum Erfassen einer Drehbeschleunigung eines EJektromotors (1), der ein Drehmoment 
zum Unterstutzen des Lenkmoments erzeugt; 

einen Schritt (S1306; S2306; S3306) zum Erfassen eines Strafienoberflachen-Reaktionsdrehmoments zum 
Erhalten eines Strafienoberflachen-Reaktionsdrehmomenten-Erfassungswerts (T^^t) durch Fuhren eines 
Werts, der erhalten wird durch Subtrahieren eines Motor-Tragheitsmoments, das aus der Drehbeschleunigung 
in Bezug auf eine Effektivitat zur Lenkwelle berechnet wird, von einem Wert, der durch Addieren des Lenk- 
moments und eines Motordrehmoments, das aus dem Motorstrom in Bezug auf eine Effektivitat zur Lenkwelle 
berechnet wird, durch eine Filtereinrichtung, die durch mehrere Stufen von in Reihe geschalteten primaren 
Tiefpassfiltern (100, 101) gebildet ist. 

Verfahren zum Steuern eines elektrisphen Servolenksystems nach Anspruch 6, welches Verfahren weiterhin fol- 
gendes aufweist: 

einen Schritt zum Begrenzen des Werts, der erhalten wird durch Addieren des Lenkmoments, das in dem 
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Schritt zurn Erfassen des Lenkmoments erfasst wird, und des Motordrehmoments, das aus dem Motorstrom 
in Bezug auf e.ne Effektivitatzur Lenkwelle berechnet wird, damit er einen vorbestimmten Wert nicht iibersteigt. 

Revendications 

1. Systeme de direction assistee electrique comprenant 

SHr^S3TSJ2i? prM un co " p,e pour assister un coup,e de braqua9e produit par 

des moyens (1) de detection du couple de braquage pour detecter ledit couple de braquage- 

des moyens (11) de detection de courant du moteur pour detecter un courant circulaht dans'ledit moteur 

des moyens 115S;215S;315S) de detection du couple de reaction de surface de la route pour obtenTune 

ob Z.TJ dU ^ P ' e ^ reaCti °" dS ' a SUrfaCe dS ,a rOUte (T -a-t) P°"' transmettre une va.eur 

obtenue au moms en add.t.onnant ledit couple de braquage detecte par lesdits moyens (1) de detection du 
couple de braquage et un couple moteur calcule a partir dudit courant du moteur en termes d'efficacite pour 
un arbre de direction, par I'intermediaire de moyens formant filtres formes par plusieurs etages de filtres passe- 
bas primaires (100.101) branches en serie. ir e5 p asse 

2. Systeme de direction electrique assistee selon la revendication 1, comprenant en outre 

un limiteur (104) pour limiter la valeur obtenue en additionnant ledit couple de braquage detecte par lesdits 
moyens (1 )de detection du couple de braquage et ledit couple moteur calcule a partir dudit courant du moteur 
en termes d efficacte pour ledit arbre de direction, de maniere qu'elle ne depasse pas une valeur predeter- 

3. Systeme de direction assistee electrique selon la revendication 1 , comprenant en outre 

des moyens (6) de detection d'une acceleration de rotation pour detecter une acceleration de rotation dudit 
moteur electnque (10) ; 

dans lequel lesdits moyens (115S;215S) de detection du couple de reaction de la surface de la route sont 
prevus pour I obtention de ladite valeur de detection du couple de reaction de la surface de la route (T ) Dar 
transmission d'une valeur obtenue par soustraction d'un couple d'inertie du moteur calcule a partir delate ac- 
celeration de rotation detectee par lesdits moyens (6) de detection deceleration de rotation, en termes d'efficacite 
pour led, arbre de direction, de ladite valeur obtenue par addition dudit couple de braquage detectee par lesdits 
moyens (1) de detection du couple de braquage et dudit couple moteur calcule a partir dudit courant du moteur 
; n " ,e ^, d e ^^. Pour ledit arbre de direction, par I'intermediaire desdits moyens formant filtres formes par 
une pluralite d etages de filtres passe-bas primaires (100,101) branches en serie. 

4. Systeme de direction assistee electrique selon la revendication 3, comprenant en outre 

un limiteur (104) pour limiter ladite valeur obtenue par soustraction d'un couple d'inertie du moteur calculee 
a partir de. ladite acceleration de rotation en termes d'efficacite pour ledit arbre de direction, de ladite valeur 
obtenue par addition dudit couple de braquage detecte par lesdits moyens (1) de detection du couple de 
braquage et dudit couple moteur calcule a partir dudit courant du moteur en termes d'efficacite pour ledit arbre 
de direction de maniere qu'elle ne depasse pas une valeur predeterminee. 

Systeme de direction assiste electrique selon rune quelconque des revendications precedentes. dans lequel ladite 
pluralite d e ages des filtres passe-bas primaires (100.101) inclut au moins un filtre. dont la constante de temps 
n es pas .nfeneure a 0.05 Hz et n'est pas superieure a 1 Hz. et au moins un filtre. dont la constante de temps 
n est pas infeneure a 1 Hz et n'est pas superieure a 3 Hz. 

Precede pour commander un systeme de direction assistee electrique comprenant 

un! 2 aPe S ? w e ! eC6 '° n C0UP ' e de bra ^ e P raduit P ar manipulation du volant de direction; 

nZ , 11 , ?T C ° Urant p6n6trant dans V" moteur electrique (1) et qui produit un couple 

pour assister ledit couple de braquage; 
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une etape (S303) de detection d'une acceleration de rotation du moteur electrique qui produit un couple pour 
assister ledit couple de braquage; 

une etape (S1306; S2306; S3306) de detection d'un couple de reaction de la surface de route pour I'obtention 
d'une valeur de detection d'un couple de reaction de la surface de la route (T^^gj) par transmission d'une 
valeur obtenue parsoustraction d'un couple d'inertie du moteur calcule a partir de ladite acceleration de rotation 
en termes d'efficacite pour un arbre de direction; d'une valeur obtenue par addition dudit couple de braquage 
et d'un couple moteur calcule a partir dudit courant du moteur en termes d'efficacite dudit arbre direction, par 
I'intermediaire de moyens formant filtres formes par une pluralite d'etages de filtres passe-bas primaires 
(100,101) branches en serie. . 

Procede pour commander un systeme de direction assiste electrique selon la revendication 6, comprenant en outre 

une etape pourlimiter ladite valeur obtenue par addition dudit couple de braquage detecte lors de ladite etape 
de detection dudit couple de braquage, et dudit couple moteur calcule a partir dudit courant du moteur. en 
termes d'efficacite pour I'arbre de direction, de maniere qu'eile ne depasse pas une valeur predeterminee. 
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